Take-home message {#FPar1}
=================

When VAP is suspected, the risk of ESBL-E VAP in ESBL-E carriers is lower than 40%. We demonstrated that throat qualitative carriage and rectal carriage assessed semi-quantitatively, accurately predicted ESBL-E VAP in ESBL-E carriers.

Introduction {#Sec1}
============

Ventilator-associated pneumonia (VAP) is one of the most frequent causes of intensive care unit (ICU)-acquired infections \[[@CR1]\]. The worldwide spreading of extended spectrum beta-lactamase producing *Enterobacterales* (ESBL-E) represents a major problem encountered at an increasing frequency in ICU \[[@CR2], [@CR3]\]. Among ICU patients, between 5 and 25% are ESBL-E carriers \[[@CR4]--[@CR6]\]. Whereas a previous carriage is the major risk factor associated with VAP related to ESBL-E \[[@CR7], [@CR8]\], only 5--20% of the ESBL-E carriers will develop a VAP related to ESBL-E \[[@CR9], [@CR10]\]. With regard to the occurrence of ESBL-E-associated VAP, the negative predictive value of a ESBL-E digestive carriage is high, while its positive predictive value, i.e., the probability of having an ESBL-E infection in case of ESBL-E carriage, is less than 50% \[[@CR9], [@CR11]--[@CR15]\].

VAP due to multidrug-resistant (MDR) bacteria such as ESBL-E exposes the patient to more inadequate antimicrobial therapy and has been associated with an increased risk of death \[[@CR16]--[@CR21]\]. Given the risk of inadequate therapy, in case of previous ESBL-E carriage or colonization, clinicians start more often an empirical therapy with carbapenem, despite the potential risk of emergence of carbapenem resistance \[[@CR22]\].

The knowledge of previous ESBL-E carriage is associated with a fourfold increase in the carbapenem use in case of VAP \[[@CR9]\] or infection-related ventilator-associated complication (IVAC) \[[@CR14]\]. Studies have reported a link between oropharynx colonization and lower respiratory tract infection \[[@CR23], [@CR24]\]. In case of community-acquired urinary tract infection, the involvement of ESBL-E might be predicted by the relative abundance (defined as the proportion of the concentration of ESBL-E vs. total concentration of *Enterobacteriales* in the feces) of ESBL-E carriage. Subsequently, the amount of ESBL-E in the digestive flora and the presence of an oropharyngeal colonization as compared to a rectal colonization may be associated with a higher risk of ESBL-E-associated VAP when GNB-VAP is diagnosed.

The purpose of our study was therefore to decipher the link between oropharyngeal and rectal colonization and to assess the predictive value of a semi-quantitative assessment of the ESBL-E carriage on the prediction of the involvement of ESBL-E in newly diagnosed VAP.

Materials and methods {#Sec2}
=====================

Study characteristics {#Sec3}
---------------------

The study took place in a 20-bed medical and infectious diseases ICU between May 2014 and May 2017. We selected all patients mechanically ventilated for more than 48 h who were identified as ESBL-E carriers in throat and rectal samples at ICU admission, or weekly thereafter, before their VAP onset. Among them, we retrospectively reviewed all patients diagnosed with GNB-VAP. We then compared patients with ESBL-E VAP with patients with GNB-VAP not due to ESBL-E.

Definitions {#Sec4}
-----------

VAP was defined as new or persistent infiltrate on chest radiography that was associated with one of the following criteria: (1) purulent tracheal secretions, (2) fever greater than or equal to 38.5 °C or hypothermia less than or equal to 36.5 °C and (3) leukocytosis greater than 10^9^ G/L or leukopenia less than 4.10^8^ G/L. VAP was defined as pneumonia occurring in a patient having had at least 48 h of invasive mechanical ventilation (IMV). It was confirmed by positive quantitative culture of a respiratory sample collected via bronchoalveolar lavage fluid (significant threshold, ≥ 10^4^ cfu/ml) or plugged telescopic catheter (significant threshold, ≥ 10^3^ cfu/ml).

Bacteriological methods {#Sec5}
-----------------------

All patient admitted to the ICU were screened at ICU admission and weekly thereafter, using a throat and a rectal swab. Both swabs were plated on ChromID^®^ ESBL agar (bioMérieux, Marcy-l'Etoile, France) and incubated for 48 h at 37 °C in aerobic conditions. Strains were identified using mass spectrometry (Maldi Biotyper, Bruker, Wissenbourg, France). Antibiotic susceptibility and ESBL-E phenotype were determined by disk diffusion and interpreted according to EUCAST ([www.eucast.org](http://www.eucast.org)). Rectal and throat samples were performed using eSwabs^®^ (Copan Diagnostics, Brescia). At the laboratory, one drop of the Amies liquid contained in the eSwab^®^ was put on the ChromID-ESBL agar. The liquid was streaked using the usual four-quadrant streak plate method \[[@CR25]\] (Fig. [1](#Fig1){ref-type="fig"}). Densities of colonization were defined as follows: very low or low if, respectively, 1--3 colonies-forming unit (cfu) ("very rare" colonies) and 4--10 cfu ("rare" colonies) were present on the first half of the plate, medium when approximately 10--100 cfu ("some" colonies) were observed on the first half of the plate, high when "numerous" colonies were observed in the first three quadrants (approximately 100--1000 colonies), and very high when "very numerous" colonies were observed on the whole plate (1000 colonies or more) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1**A** The four-quadrant streak plate method. (a) Sample on the plate. (b) With the loop, streaking quadrant 1 and 2. (c) Streaking quadrant 3. (d) Streaking quadrant 4. **B** Schematic representation of plates and mode of quotation used for semi-quantitative counting of bacteria (very rare colonies = very low density; rare colonies = low density; some colonies = medium density; numerous colonies = high density; very numerous colonies = high density)

Data {#Sec6}
----

In order to compare ESBL-E carriers with ESBL-E VAP versus those with VAP due to other Gram-negative bacteria, we used the data prospectively captured in our database. We used data on past comorbidities, medical history, case-mix and severity on ICU admission. We also collected traditional risk factors of ESBL-E carriage and infections, including ESBL-E colonization status before admission, prevalence of ESBL-E at ICU admission, date of ESBL-E acquisition during recent hospitalization (\< 3 months or \< 1 year) and previous use of antimicrobials before VAP onset. We also collected procedures and treatment used in the last week before VAP. For each VAP episodes, the last ESBL-E throat and rectal sampling semi-quantitatively assessed were also collected. We do not use subglottic aspiration nor selective digestive decontamination to prevent VAP in our unit.

No specific procedure of samples was added to the standard practices. The ethical committee of hospital group Paris Nord waived the need for informed consent. Data were fully anonymized and computed in agreement to the MR-003 directive (<https://www.cnil.fr/fr/declaration/mr-003-recherches-dans-le-domaine-de-la-sante-sans-recueil-du-consentement>; last accessed April 20th, 2019).

Statistical analysis {#Sec7}
--------------------

Data were reported as numbers (percentages) or medians (interquartile ranges (IQR): 25th--75th percentiles). Continuous variables were compared using Mann--Whitney test and proportion using the chi-squared test.

Cochran-Armitage trend tests were used to compare the results of the semi-quantitative ESBL-E rectal and throat swabs cultures between ESBL-E VAP and non-ESBL-E VAP.

Other risk factors of ESBL-E VAP were assessed in the cohort using a logistic regression. Some patients were readmitted in the ICU and/or were reintubated and were considered as independent in the analyses (mean delay between two episodes of 24.6 days). At the last step of the selection process, ESBL-E rectal and throat carriage were successively included in the final model. The discrimination level of the final models was measured using the area under the curve (AUC), with a threshold at 0.7.

Analyses used SAS 9.4 (SAS, Inc., Cary, NC) and R (R foundation for statistical computing, Vienna, Austria) softwares.

Results {#Sec8}
=======

Of the 1604 patients who were admitted to the unit over the study period and experienced mechanical ventilation for more than 48 h, 365 (21.5%) were detected as ESBL-E carriers (Figure E1). One hundred and seven GNB-VAP episodes were diagnosed in 82 patients after a median duration of mechanical ventilation of 13 days. There was no case of ESBL-E VAP in patients without oropharyngeal and or rectal ESBL-E carriage.

Patients' characteristics are presented in Table [1](#Tab1){ref-type="table"}. Among the 50 (47%) ESBL-E VAP episodes, *Klebsiella* spp. was involved in 31 cases (61%), *Escherichia coli* in 10 cases (20%) and *Enterobacter cloacae* in 9 cases (18%) (Table E1).Table 1Patients characteristics on admission and before VAP occurrenceAll Gram-negative VAPESBL-E VAPOther VAP*p-value\*n* = 107*n* = 50*n* = 57Previous medical history Known ESBL-E carriage before admission14 (13.1)6 (12)8 (14)0.76 Hospitalization within the previous year12 (11.7)5 (10.4)7 (12.7)0.72 Antimicrobial therapy within the previous 3 months45 (43.7)24 (49)21 (38.9)0.30 Diabetes mellitus33 (30.8)14 (28)19 (33.3)0.55 Immunodepression29 (27.1)17 (34)12 (21.1)0.13 Chronic pulmonary diseases22 (20.6)9 (18)13 (22.8)0.54 Renal replacement therapy8 (7.5)4 (8)4 (7)0.85 Kidney failure23 (21.5)13 (26)10 (17.5)0.29 Liver insufficiency3 (2.8)0 (0)3 (5.3)0.1 Solid organ transplant recipient25 (23.6)14 (28.6)11 (19.3)0.26 Cancer2 (1.9)2 (4)0 (0)0.13 Recent travel (within the previous 6 months)27 (25.2)10 (20)17 (29.8)0.24 Recent surgery (within the previous year)30 (28)16 (32)14 (24.6)0.39 Chest drain before ICU admission23 (21.5)13 (26)10 (17.5)0.29 Urinary catheter for \> 24 h before ICU admission70 (65.4)38 (76)32 (56.1)0.03Characteristics at ICU admission Hospital stay prior to ICU admission (days), median (IQR)1 \[1; 4\]1 \[1; 5\]1 \[1; 3\]0.42 Transfer from another ICU43 (40.2)25 (50)18 (31.6)0.05 Age, median (IQR)57 \[49; 69\]55.5 \[50; 68\]57 \[48; 72\]0.48 SAPS II, median (IQR)51 \[35; 67\]55.5 \[40; 67\]46 \[34; 67\]0.33 SOFA, median (IQR)8 \[5; 11\]9 \[5; 11\]8 \[4; 11\]0.19 Weight, median (IQR) (kg)75 \[66; 90\]77 \[64.5; 90\]75 \[69; 90\]0.91 BMI, median (IQR)25.2 \[22.8; 29.4\]26 \[23.2; 30.4\]24.9 \[22.4; 28.7\]0.62 Albumin level, median (IQR) (G/L)25.5 \[22; 32\]24 \[20; 29\]26 \[23; 32\]0.04 WBC, median (IQR) (G/L)12.2 \[7.5; 15.6\]12.5 \[6.1; 17\]11.2 \[7.7; 15.3\]0.64 Lymphocytes, median (IQR) (G/L)1 \[0.4; 1.5\]0.9 \[0.4; 1.4\]1.1 \[0.4; 1.8\]0.14 Time before intubation (day), median (IQR)1 \[0; 2\]1 \[− 1; 2\]1 \[1; 1.5\]0.46Antimicrobial use within the past 7 days before VAP Any antimicrobials84 (78.5)40 (80)44 (77.2)0.72 Beta-lactams68 (63.6)31 (62)37 (64.9)0.75 Carbapenems27 (25.2)13 (26)14 (24.6)0.86 Fluoroquinolones12 (11.2)6 (12)6 (10.5)0.81 3rd and 4th gen cephalosporin21 (19.6)9 (18)12 (21.1)0.69*ESBL-E* extended spectrum beta-lactamase producing *Enterobacterales*, *VAP* ventilator-associated pneumonia, *ICU* intensive care unit, *IQR* interquartile range, *SAPS* simplified acute physiology score, *SOFA* sequential organ failure assessment, *BMI* body mass index, *WBC* white blood cells

The duration of the hospital stay prior to the ICU admission was longer in patients who developed ESBL-E VAP. Patients from both groups were similar in term of medical history and illness severity at ICU admission, but patients with ESBL-E VAP had a higher SOFA score at VAP onset (8.5 \[6.5; 11\] vs. 10.5 \[8; 14\]; *p* = 0.03). ESBL-E VAP presented more frequently with ARDS (13 (22.8%) vs. 20 (40%); *p* = 0.05). Both groups had similar previous exposure to antimicrobials (overall and each family, including carbapenems) before the occurrence of the VAP episode (Table [2](#Tab2){ref-type="table"}).Table 2Characteristics of patients within the last week before VAP onsetAll Gram-negative VAPEBLSE VAPOther VAP*p-valuen* = 107*n* = 50*n* = 57ARDS33 (30.8)20 (40)13 (22.8)0.05Coma30 (28)12 (24)18 (31.6)0.38Paralytic agents51 (47.7)25 (50)26 (45.6)0.65Proton pump inhibitor84 (78.7)40 (80)44 (77.2)0.72Reintubation17 (15.9)6 (12)11 (19.3)0.3Intra-hospital transport65 (60.7)33 (66)32 (56.1)0.3Duration of sedation (days)5 \[0; 7\]5.5 \[1; 7\]3 \[0; 7\]0.09Norepinephrine (mg/h)1 \[0; 6\]1 \[0; 7\]1 \[0; 5\]0.18Chest drain30 (28)17 (34)13 (22.8)0.20SOFA at D-37 \[5; 11\]8 \[6; 11.5\]7 \[5; 10\]0.27SOFA at D09.5 \[7; 12\]10.5 \[8; 14\]8.5 \[6.5; 11\]0.03Increase in the SOFA score between D-3 and D01 \[0; 3\]1 \[0; 3\]0 \[0; 4\]0.09Duration of mechanical ventilation before VAP (days)13 \[7; 35\]20 \[7; 41\]12 \[6; 21\]0.09Time interval between the last screening and VAP (days)5 \[4; 10\]5.5 \[4; 10\]5 \[4; 13\]0.76Only ESBL *E. coli* previous carriage46 (43)14 (28)32 (56.1)\< 0.01Rectal ESBL-E colonization100 (93.5)48 (96)52 (91.2)0.32Rectal ESBL-E colonization (semi-quantitative)0.0022\* None7 (6.6)2 (4)5 (8.9) Very rare4 (3.8)04 (7.1) Rare5 (4.7)05 (8.9) Some15 (14.2)4 (8)11 (19.6) Numerous61 (57.5)36 (72)25 (44.6) Very numerous14 (13.2)8 (16)6 (10.7)Rectal ESBL-E colonization only52 (48.6)9 (18)43 (75.4)\< 0.01Throat ESBL-E colonization51 (47.7)40 (80)11 (19.3)\< 0.01Throat ESBL-E colonization (semi-quantitative)\< 0.01\* None56 (54.4)10 (21.7)46 (80.7) Very rare1 (1)1 (2.2)0 Rare4 (3.9)2 (4.3)2 (3.5) Some colonies6 (5.8)5 (10.9)1 (1.8) Numerous27 (26.2)22 (47.8)5 (8.8) Very numerous9 (8.7)6 (13)3 (5.3)Carriage of other multidrug-resistant/pandrug-resistant strains *A. baumannii (imipenem*-*susceptible)*5 (4.7)2 (4)3 (5.3) Carbapenemase producer1 (0.9)1 (2)0 Vancomycin-resistant enterococci1 (0.9)0 (0)1 (1.8) *P. aeruginosa*4 (3.7)3 (6)1 (1.8) Methicillin-resistant *S. aureus*2 (1.9)1 (2)1 (1.8) *S. maltophilia*1 (0.9)1 (2)1 (1.8)CPIS, median (IQR)7 \[6; 9\]8 \[6; 9\]7 \[6; 8\]0.25Carbapenems included into the initial empiric therapy63 (61.2)37 (78.7)26 (46.4)\< 0.01Length of antimicrobial therapy8 \[8; 9\]8 \[8; 9\]9 \[8; 11\]0.52In-ICU mortality52 (48.6)30 (60)22 (38.6)0.03Results are shown in median \[interquartile range (IQR)\] or *n*(%) for quantitative and qualitative variables, respectively*ESBL-E* extended spectrum beta-lactamase producing *Enterobacterales*, *VAP* ventilator-associated pneumonia, *ARDS* acute respiratory distress syndrome, *SOFA* sequential organ failure assessment, *CPIS* clinical pulmonary infection score\*Trend test

The carriage of ESBL-*E. coli* was less frequently associated with ESBL-E VAP than the carriage of other ESBL-E (Fig. [2](#Fig2){ref-type="fig"}). A result of throat carriage positive with ESBL-E was associated with ESBL-E VAP rather than other VAP, which was not the case for positive rectal carriage. However, a semi-quantitative assessment with ESBL-E of both throat (positive predictive value (PPV): 78% 95% CI (68--86%); negative predictive value (NPV) 82%; 95% CI (72--89%)) and rectal previous colonization using none rare or very rare as reference: PPV 53% 95% CI (49--57%); NPV 88% 95% CI (64--97%) was very significantly associated with ESBL-E VAP. PPV and NPV of both tests and combination of tests are depicted in Table E2.Fig. 2Semi-quantitative ESBL-E rectal (Panel 1) and throat (Panel 2) results for patients with VAP due to ESBL-E or not. *ESBL-E* extended spectrum beta-lactamase producing *Enterobacterales*, *VAP* ventilator-associated pneumonia

The correlation between semi-quantitative assessment of throat and rectal swabs was significant but weak (Pearson *r* coefficient = 0.227; *p* = 0.019). There was no combination of both throat and rectal samples able to rule out ESBL-E VAP diagnosis. The combination of a negative throat sample and a rectal sample less than numerous or very numerous was associated with a 4.7% (1 case out of 21) of presenting ESBLE-VAP (Table E2).

The AUC of semi-quantitative rectal colonization (0.774 vs. 0.651, *p* = 0.27) and throat (0.797 vs. 0.817, *p* = 0.88) colonization was not significantly different whether the time interval of the last available densities was less or greater or equal to 5 days.

In the multivariate analysis (Table [3](#Tab3){ref-type="table"}), using successively rectal and throat carriage, when using only the rectal samples, the final model selected both a positive semi-quantitative assessment (*p* = 0.0076) and a colonization solely with ESBL-*E. coli* only (OR = 0.29 \[0.1223; 0.70\]; *p* = 0.0055) to predict ESBL-E VAP. The AUC of the model was 0.77. When using only the throat samples, the best prediction was obtained using the qualitative assessment and the presence of an urinary bladder at admission. The AUC of this model was 0.84, i.e., significantly discriminant. In both models, none of the clinical variables or antimicrobial pre-exposure remained associated with ESBL-E VAP.Table 3Summary of the results of the multivariate models of ESBL-E VAP (all variables significant in the univariate analysis (see Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"}) were included in the selection process at the first step of the stepwise selection, i.e., urinary bladder before ICU admission, albumin level, ARDS in the 7 days before VAP; ESBL *E. coli* only, SOFA score at the time of VAP)ParameterOdds ratioCI 95% minCI 95% maxPr \> chi-sq**Model 1 including rectal semi-quantitative result (AUC 0.769)**Rectal colonization (semi-quantitative) density0.0076\* None/very rare/rare1 Some3.1030.45721.0720.2467 Numerous11.5942.34357.3790.0027 Very numerous11.1661.71572.6980.0116 ESBL E. coli only0.2910.1220.6950.0055**Model 2 including throat qualitative result (AUC 0.838)**Throat colonization with ESBL-E (qualitative)17.3216.45246.503\< 0.0001Urinary bladder at admission2.7270.9547.7990.0613**Model 3 including both throat and rectal semi-quantitative results (AUC: 0.872)**Throat colonization with ESBL-E (qualitative)21.1616.9164.802\< 0.0001Rectal colonization (semi-quantitative) density0.0117\* None/very rare/rare1 Some2.610.322.7050.3846 Numerous15.7322.469100.2250.0035 Very numerous7.7010.90865.3080.0613*ESBL-E* extended spectrum beta-lactamase producing *Enterobacterales*, *VAP* ventilator-associated pneumonia\*The *p* value referred to the global impact of the semi-quantitative value. OR: italicized referred to comparison of one particular density to the reference

Finally, rectal and throat samples were both introduced into the same model. The qualitative assessment of the throat samples (*p* \< 0.0001) and the semi-quantitative assessment of the rectal samples (*p* = 0.012) were both independently associated with ESBL-E VAP. Interestingly, in this model, colonization with ESBL-*E. coli* was no longer significant. The AUC of the model was 0.872, i.e., significantly discriminant.

The empirical therapy was adequate in 39/50 (78%) cases of ESBL-E VAP as compared to 42/57 (74%) cases of other VAP. The empiric use of carbapenems was more frequent in ESBL-E VAP than in other VAP (37 (78.7%) vs. 26 (46.4%); *p* \< .01), while the Gram-negative pathogen was eventually resistant to carbapenem in 6/26 cases (*Pseudomonas aeruginosa:* 4; *Acinetobacter baumannii:* 1, Carbapenemase-producer *Enterobacter cloacae:* 1). In-ICU death occurred for 52 patients, more frequently after ESBL-E VAP than other VAP \[30 (60%) vs. 22 (38.6%); *p* = 0.03\].

Discussion {#Sec9}
==========

This retrospective analysis of a prospective cohort of 107 VAP due to Gram-negative bacilli in ESBL-E colonized patients confirmed that factors such as the previous carriage assessed weekly but only qualitatively, clinical data or previous antimicrobial exposure in the days before VAP onset were insufficiently discriminant for predicting the involvement of ESBL-E in the VAP. The ESBL-*E coli* carriage was confirmed as less frequently associated with ESBL-E VAP than the carriage of non-*E. coli* ESBL-E \[[@CR11]\]. Importantly, this study showed that both rectal and throat samples became strong predictors of ESBL-E VAP when assessed using a semi-quantitative method. Our study pointed out that both the quantification and the site of the digestive tract-yielding ESBL-E carriage were the only important factors that should be considered to evaluate the risk of ESBL-E VAP when a GNB-VAP is suspected.

The prevalence of colonization with ESBL-E is rising steadily in critically ill patients, owing to a continuous influx from both the community and healthcare system, and ICU acquisition, leading to frequent reports of carriage rates above 20% \[[@CR2], [@CR5], [@CR9], [@CR11]\]. Recent studies showed that ESBL-E colonization often precedes the ESBL-E VAP, with a positive predictive value of more than 97% \[[@CR7]\]. However, in the ESBL-E-colonized patients who are suspected of GNB-VAP, the risk of ESBL-E VAP reached only 20--48% \[[@CR7]--[@CR11], [@CR14]\]. Hence, the management of suspected VAP in ESBL-E carriers is a daily challenge for the intensivists, who need to select the most likely active antibacterial without overusing those active against highly resistant pathogens.

Carbapenems are along this strategy, considered as the drug of choice in case of suspected ESBL-E severe infections \[[@CR26]\], including VAP \[[@CR27]\], although using them for all ESBL-E carriers exposes to an overuse of carbapenems as empirical therapy. This overuse has two potential adverse effects: (1) the emergence of carbapenem-resistant bacteria \[[@CR22], [@CR28]--[@CR31]\]; and (2) an inadequate initial antimicrobial therapy if the VAP is due to carbapenem-resistant bacteria, thus a risk of increased mortality and length of stay \[[@CR28], [@CR30], [@CR32], [@CR33]\].

Therefore, predicting ESBL-E VAP in known ESBL-E carriers is instrumental for the appropriate choice of the initial therapy at VAP onset. Previous studies suggested that the illness severity at admission and at VAP onset was higher in case of ESBL-E VAP \[[@CR11]\]. In this study, ESBL-E VAP was indeed associated with a higher SOFA score at VAP onset and a higher mortality. However, this study showed that illness severity was no longer a risk factor of ESBL-E VAP when semi-quantitative assessment of the rectal and throat swabs and the distinction between carriage of ESBL-*E. coli* versus other ELBL-E were included in the logistic regression model.

Similarly, the previous antibiotics use was not an independent risk factor for ESBL-E VAP in our cohort. Indeed, the previous use of beta-lactams/beta-lactamases inhibitors was an independent risk factor of ESBL-E ICU-acquired pneumonia in one study only \[[@CR11]\]. In another multicenter analysis of the Outcomerea study group, the use of carbapenems in the past few days was associated with a lower risk of ESBL-E VAP in case of infection-related ventilator-associated complication \[[@CR14]\].

The relationship between rectal and oropharyngeal GNB colonization and VAP has not been fully addressed in the literature. In a monocenter study performed in patients receiving selective digestive decontamination \[[@CR34]\], Frencken et al. showed that a rectal colonization predicted the respiratory tract colonization for both *Enterobacterales* and non-fermentative GNB. They also showed that both rectal and respiratory tract colonization with *Enterobacterales* predicted the involvement of these bacteria in the investigated ICU-acquired infections, including bacteremia. Another monocenter study found that the monitoring of both respiratory and rectal colonization increased the adequacy of antibiotic therapy of VAP and BSI due to Gram-negative bacteria (mainly *P. aeruginosa* and *Acinetobacter* spp.) \[[@CR35]\]. More recently, in acutely ill patients who developed VAP caused by *Enterobacterales* species, a prospective observational case--control study suggested that the causative pathogens gained access to the oropharynx early after the start of the mechanical ventilation and outgrew the commensal members of the microbiome \[[@CR36]\]. The results called for assessing whether a specific pattern of the oropharyngeal microbiome could predict VAP. Carbonne et al. assessed the presence of ESBL-E in respiratory samples collected in ESBL-E-positive rectal carriers, irrespective of any clinical symptoms. Respiratory samples were significantly more frequently positive when the sample was collected after an ICU stay longer than 5 days \[[@CR13]\]. A meta-analysis \[[@CR37]\] showed that respiratory tract colonization with multi-drug-resistant bacteria including *Enterobacterales* predicted the risk of subsequent VAP. The prediction was better when surveillance tracheal cultures were systematically performed at least twice a week.

Few studies suggested that the predictive value for VAP of oropharyngeal samples positive with *Enterobacterales* was higher than that of gastric samples \[[@CR24], [@CR38]\]. Indeed, the modulation of the oropharyngeal flora by a selective oral decontamination reduced the oropharyngeal colonization and the rate of VAP, without influencing the gastric colonization with GNB \[[@CR38]\].

In our study, we confirmed that a throat ESBL-E colonization is important to differentiate ESBL-E carriers with subsequent ESBL-E VAP or other VAP due to other GNB. We identified a significant but weak relationship between semi-quantitative rectal colonization and the presence of ESBL-E in the throat that may partly explain this result.

We used a very simple and inexpensive semi-quantitative assessment of the abundance of ESBL-E bacteria in the culture in selected culture media of the colonization swabs to predict the impact of the colonization by ESBL-E bacteria. Although we did not check for its reproducibility, the technique is routinely performed in all microbiological laboratories and has been previously validated \[[@CR25]\]. Of note, in this study, we did not try to demonstrate that this semi-quantitative assessment was linked to ESBL-E-relative abundance. Some studies performed in critically ill patients identified a relationship between the relative abundance in the stool of enterococci \[[@CR39]\], ESBL-E \[[@CR40]\] and carbapenemase-producing *Enterobacterales* \[[@CR41]\], and subsequent infections due to these organisms. Indeed, the amount and the proportion of multi-drug-resistant GNB in the digestive microbiota are linked to the bacterial translocation in immunocompromised patients \[[@CR42]\]. It would have been interesting to compare ESBL-E bacterial density with the ESBL-E-relative abundance. Unfortunately, the density of susceptible *Enterobacterales* was not assessed.

As stools cannot be collected at scheduled frequency in very severe ICU patients with abnormal digestive transit, we postulated that rectal swabs may be used as a surrogate of stool samples to quantify ESBL-E bacteria in the microbiota. Indeed, rectal swabs have been similarly preferred to stool samples to assess the relative abundance of carbapenemase-producing *K.* *pneumoniae* \[[@CR43]\].

In our study, the digestive samples were performed on admission and weekly. We do not consider that the results will change dramatically if samples are collected in a more frequent way. Indeed, a recent study with daily rectal swabs found that, contrarily to the carriage of cephalosporinase hyperproducing-*Enterobacterales*, ESBLE-E intermittent rectal carriage was not frequent \[[@CR44]\]. Considering that the median time interval between colonization and infection was 5.9 days on a metanalysis of available data, it is therefore possible that few cases of colonization acquisition could have been missed \[[@CR8]\].

Other limitations should be acknowledged. First, the study was performed in one unit without confirmatory data on other independent samples and its results may not be extrapolated to other ICUs. Indeed, our patients were most often ventilated for more than 7 days. Our results need to be confirmed in patients with early onset VAP. Considering the poor link between rectal colonization and early-onset ICU-acquired infections \[[@CR12]\] or positive respiratory samples \[[@CR13]\] in previous studies, we consider that our results should not be generalized to early onset infections without further validation. Finally, the link between ESBL-E VAP and ESBL-E digestive carriage might be different from ESBL-*E. coli* and other *Enterobacterales* producers of ESBL. However, our result suggested that the quantification of the digestive carriage is a more important factor than the nature of the *Enterobacterales* species to predict ESBL-E VAP (Table [3](#Tab3){ref-type="table"}, Model 3).

Further studies are needed to confirm the value of semi-quantitative culture of oropharyngeal swabs with highly resistant Gram-negative bacteria (i.e., ESBL-E, AmpC hyperproducer *Enterobacterales*, non-fermentative Gram-negative bacteria) to predict the pathogens involved in VAP.

In conclusion, we showed that the presence of ESBL-E in the throat and/or high densities of ESBL-E carriage in the rectum might be a powerful tool to estimate the risk of subsequent ESBL-E VAP, thus to initiate an empiric antibiotic therapy in ICU patients which would more likely be appropriate. These results should be confirmed in a multicentric study with a more diversified case mix of patients.
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